Abstract. The present study aimed to investigate the molecular mechanisms of inhibition of Isoliquiritigenin (ISL) on the proliferation and migration of A549 cells. A549 cells were cultured in vitro, and the effects of ISL inhibition were examined using cell counting kit-8, Transwell invasion and flow cytometric assays. Western blot analysis was also performed to detect cell apoptosis and the expression of phosphatidylinositol 3-kinase (PI3K)/AKT serine/threonine kinase (AKT) signaling pathway-associated proteins. The results demonstrated a significant inhibition of proliferation and migration of A549 cells when treated with ISL (P<0.05). Furthermore, ISL treatment significantly downregulated the expression of E-cadherin, and upregulated the expression of N-cadherin and vimentin. Flow cytometric analysis revealed a significant increase in cell apoptosis in the ISL group as well as the expression of pro-apoptotic proteins Bcl-2-associated X protein and active caspase-3. Conversely, the expression of anti-apoptotic protein B-cell lymphoma 2 was decreased. There was a significant decrease in the phosphorylation of AKT and mammalian target of rapamycin, and in the expression of cell proliferation proteins P70 and cyclin D1 in ISL-treated cells. In conclusion, ISL has significant inhibitory effects on the proliferation and migration of A549 cells by promoting cell apoptosis. The mechanism may involve of PI3K/AKT signaling pathways in A549 cells, which may a potential therapeutic target for the treatment of lung cancer.
Introduction
Lung cancer is one of the most common primary malignant tumor types in numerous countries, including China and North America (1) . There are two primary types of lung cancer: Small-cell lung cancer (SCLC) and non-small-cell lung cancer (NSCLC) (1) . NSCLC accounts for 75-85% of lung cancer cases (2, 3) . Compared with SCLC, NSCLC cells grow and divide more rapidly, resulting in diffusion and metastasis at an earlier stage of disease (4) . However, only 15% of patients with NSCLC are diagnosed at an early stage of the disease and current treatment modalities, including surgical resection and chemoradiation are inadequate (5) . Even if diagnosis occurs at stage I (6), the 10-year survival rate for patients with NSCLC is ~50% (7, 8) . The 5-year survival rate of patients with NSCLC is only 16% due to early tumor metastasis and recurrence (9, 10) . Therefore, the development of novel diagnostic strategies and natural antineoplastic drugs for the treatment of lung cancer have become the focus of clinical research.
Isoliquiritigenin (2'-4'-4-trihydroxychalcone, ISL), a flavonoid identified in licorice, and is a potent antioxidant with anti-inf lammatory, antioxidant and antitumor capabilities (11) (12) (13) . ISL exhibits an inhibitory effect on anti-proliferative activities in gastric cancer, prostate cancer, hepatocellular carcinoma (HCC), breast cancer, melanoma, and lung cancer cells (14) (15) (16) (17) (18) (19) . Furthermore, ISL has been demonstrated to block the proliferation rate of HCC cells in a dose-and time-dependent manner (20) , and induce apoptosis and autophagy in various cancer cells, including drug-resistant breast cancer MCF-7/ADR cells, and endometrial cancer Ishikawa and HEC-1A cells (21, 22) . In recent years, the anticancer mechanism of ISL has been thoroughly studied. In endometrial cancer cells, ISL was demonstrated to induce cell cycle arrest in the sub-G1 or G2/M phase through the p53/p21 pathway, and promote cell apoptosis and autophagy via activation of the extracellular signal-regulated kinase pathway (22) . In addition, previous studies have demonstrated that the phosphatidylinositol 3-kinase (PI3K)/AKT serine/threonine kinase (AKT) signaling pathway is also involved in ISL-induced cell apoptosis and proliferation (23, 24) ; however, the possible regulation of the PI3K/AKT signaling pathway and its downstream pathways by ISL in the context of lung cancer has received relatively little attention.
In the present study, the inhibitory effects of ISL on cell proliferation, migration, invasion and apoptosis in A549 lung cancer cells were examined. Furthermore, in order to establish Isoliquiritigenin inhibits cell proliferation and migration through the PI3K/AKT signaling pathway in A549 lung cancer cells Cell proliferation assay. Inhibition of cell proliferation by ISL was measured using the cell counting kit-8 (CCK8) assay. Cells were plated in 96-well plates (1x10 3 cells/well). Following a 24 h incubation at 37˚C, cells of the experimental group were treated with ISL (20 µM) for 24, 48 and 72 h, and the negative control group was treated with 0.1% DMSO. CCK8 (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) test solution (10 µl) was added to each well. Following a 90 min incubation, the absorbance was measured on an ELISA reader at a wavelength of 450 nm. A curve was drawn for proliferation inhibition analysis. The experiment was repeated in triplicate.
Cell migration and invasion assay. For the invasion assay, a Transwell chamber (EMD Millipore) was used to structure the cell invasion model. In summary, 100 µl of Matrigel (BD Biosciences, San Jose, CA, USA), melted overnight and diluted with serum-free RPMI-1640 medium in a 1:6 ratio, was added to the upper chamber of 24-well plates, following incubation for 4-6 h at 37˚C with 5% CO 2 . The medium was removed, 500 µl of serum-free medium was added to the lower chamber for 30 min at 37˚C to hydrate the basement membrane. A549 cells (1x10 5 ) treated with ISL (20 µM) or 0.1% DMSO for 48 h at 37˚C were seeded in the upper chamber in 100 µl of serum-free medium. The lower chamber was filled with 500 µl of medium supplemented with 10% FBS. Following a 24 h incubation at 37˚C, non-invasive cells on the upper surface of the Matrigel were gently scrubbed with a cotton swab and migrated cells on the lower surface were washed with PBS, fixed with 4% paraformaldehyde for 30 min at room temperature, stained with 0.1% crystal violet for 20 min at room temperature and recorded for images under a light microscope (Olympus Corporation, Tokyo, Japan; magnification, magnification, x100). For the migration assay, the same method as the invasion assay was used, only without Matrigel. Each assay was performed in triplicate.
Analysis of cell apoptosis. Apoptosis was assessed by flow cytometry analysis, in which the percentage of apoptotic cells was determined using an Annexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit (Beijing 4A Biotech, Beijing, Co., Ltd., Beijing, China), according to the manufacturer's protocol. The cells either treated with ISL (20 µM) or 0.1% DMSO for 48 h at 37˚C were cultured with serum-free medium for 24 h at 37˚C. The cells were subsequently collected and washed twice with chilled PBS for 5 min at 0˚C, resuspended in binding buffer (1x10 6 cells/well) and incubated with FITC-conjugated Annexin V (5 µl) in the dark for 30 min at room temperature. Following the addition of 10 µl of propidium iodide (PI) and 400 µl of PBS for 5 min at room temperature, the cells were analyzed using a FACS caliber instrument. FlowJo software (version 7.6.5; FlowJo LLC, Ashland, OR, USA) was used to analyze the flow cytometry results. The experiment was performed in triplicate.
Protein extraction and western blot analysis. Protein expression was detected using a western blot assay. The A549 cells treated with ISL (20 µM) or 0.1% DMSO for 48 h in 6-well plates were harvested and lysed in RIPA buffer (CWBio, Inc., Beijing, China) at 4˚C. Proteins were extracted and the concentrations were measured using the bicinchoninic acid method. A total of 20 µg of the total proteins were fractionated electrophoretically by 10% SDS-PAGE gels (Beyotime Institute of Biotechnology, Beijing, China) and transferred onto polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA), which were then blocked with 5% nonfat milk for 1 h at room temperature, and then cultured overnight at 4˚C with the following primary antibodies: E-cadherin (dilution, 1:1,000; cat. no. 20874-1-AP; rabbit polyclonal), N-cadherin (dilution, 1:1,000; cat. no. 22018-1-AP; rabbit polyclonal), vimentin (dilution, 1:1,000; cat. no. 10366-1-AP; rabbit polyclonal), Bcl-2 (dilution, 1:1,000; cat. no. 12789-1-AP; rabbit polyclonal), Bax (dilution, 1:1,000; cat. no. 50599-2-lg; rabbit polyclonal), active caspase-3 (dilution, 1:1,000; cat. no. 19677-1-AP; rabbit polyclonal), cyclin D1 (dilution, 1:1,000; cat. no. 60186-1-lg; mouse monoclonal), P70 (dilution, 1:1,000; cat. no. 14485-1-AP; rabbit polyclonal) and β-tubulin (dilution, 1:5,000; cat. no. 10094-1-AP; rabbit polyclonal; all from ProteinTech Group, Inc. Chicago, IL, USA), AKT (dilution, 1:1,000; cat. no. 4691; rabbit polyclonal), p-AKT (dilution, 1:1,000; cat. no. 4060; rabbit polyclonal), mTOR (dilution, 1:1,000; cat. no. 2983; rabbit polyclonal) and p-mTOR (dilution, 1:1,000; cat. no. 5536; rabbit polyclonal) (all from Cell Signaling Technology, Inc., Danvers, MA, USA). β-tubulin was used as a loading control. The membranes were washed with Tris-buffered saline with 0.1% Tween-20 in triplicate and incubated with horseradish peroxidase conjugated goat anti-rabbit or goat anti-mouse IgG secondary antibodies (cat. nos. SA00001-2 and SA00001-1, respectively; dilution, 1:5,000; ProteinTech Group, Inc.) for 1 h at room temperature. Chemiluminescence detection was performed using a standard enhanced chemiluminescence kit (cat. no. W0049M; CWBio, Inc.), according to the manufacturer's protocol. The gray values were obtained by Quantity One v4.6.2 software (BioRad, Inc., California, USA) for calculating the protein relative content. The experiment was repeated three times independently.
Statistical analysis. The data were analyzed with the software SPSS 17.0 (SPSS Inc., Chicago, IL, USA). All values are expressed as the mean ± standard deviation. Statistical comparisons between two groups were made using an independent sample two-tailed Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results

Inhibition of ISL on the proliferation of A549 cells.
The anti-proliferative effect of ISL on the lung cancer A549 cells was examined using CCK8. Following exposure to ISL (20 µM) for 24-72 h, cell viability of A549 cells was assessed. As illustrated in Fig. 1A , the proliferation of A549 cells treated with ISL for 48 h or 72 h was significantly suppressed compared with the NC group (P<0.05). 
Inhibition of ISL on the migration and invasion of A549 cells.
To assay the inhibition of ISL on the migration and invasion of A549 cells, a Transwell invasion experiment was performed. Migration and invasion were assessed following treatment ISL (20 µM) for 24 h. The results demonstrated that the migration of A549 cells treated with ISL was effectively inhibited compared with the NC (Fig. 1B) . Furthermore, ISL treatment also significantly suppressed the invasion ability of A549 cells (Fig. 1C) . To further explore the relevant mechanism of inhibition on cell mobility caused by ISL, the expression of cell metastasis-associated proteins was examined. As illustrated in Fig. 1D , ISL treatment led to a significant increase in the expression of E-cadherin, but reduced the expression of N-cadherin and vimentin, suggesting that the inhibition of migration and invasion by ISL may be mediated by regulating the expression of these proteins. (Fig. 2A) . To investigate the apoptotic pathway induced by ISL, the expression levels of Bcl-2, Bax and active caspase-3 were detected by western blot analysis. When compared with the control group, the expression of anti-apoptosis protein Bcl-2 was significantly decreased, while pro-apoptosis proteins Bax and active caspase-3 were significantly increased following treatment with ISL (Fig. 2B) . These results suggest that the induction of apoptosis in ISL-treated A549 cells may be associated with the mitochondrial apoptosis pathway.
ISL induces apoptosis in A549 cells.
ISL inhibits the activation of the PI3K/AKT signaling pathway. The PI3K/AKT signaling pathway is important in the occurrence and development of cancer, as Akt and mTOR proteins serve essential role in the proliferation and migration of tumor cells (25) . In the present study the expression levels of these proteins were assessed by western blot analysis. As illustrated in Fig. 3 , the phosphorylation levels of Akt and mTOR in the ISL-treated A549 cells were significantly decreased, and the expression levels of their downstream proteins P70 and Cyclin D1 were decreased accordingly.
Discussion
ISL belongs to the family of hydroxy chalcone compounds and has a flavonoid composition extracted from licorice roots (15) . Results from several studies indicate that ISL has antitumor, anti-virus and anti-inflammatory effects, with treatment resulting in increased vascular elasticity, inhibition of lipid peroxidation and numerous biological effects, including proliferation, apoptosis and autophagy (14) (15) (16) (17) (18) (19) . Its antitumor effects have attracted much attention in recent years. A previous study revealed that the active extract containing liquiritin, isoliquiritin and ISL may inhibit cell proliferation, and induce cell cycle arrest and apoptosis of A549 cells (26) . However, it is unclear which molecule in the active extract is responsible for causing this anti-cancer effect. Therefore, the present study further investigated the effect of ISL on the biological behaviors of NSCLC cells. In the present study, ISL was demonstrated to significantly inhibit the proliferation, migration and invasion of A549 cells, and induce cell apoptosis, suggesting that ISL may have an anti-cancer effect on the growth and metastasis of NSCLC cells. In addition, ISL significantly upregulated the expression of E-cadherin, and downregulated the expression of N-cadherin and vimentin in A549 cells. E-cadherin is a marker expressed on epithelial cells, and a decrease in expression of E-cadherin is one of the primary features of epithelial-to-mesenchymal transition (EMT), which is a pivotal mechanism involved in modulation of cell migration and invasion. Furthermore, N-cadherin and vimentin are mesenchymal markers involved in EMT process (27) . Thus, the results of the present study suggest that ISL suppresses migration and invasion of A549 cells via inhibition of the EMT process. Cell apoptosis, a tightly regulated process of cell death, is associated to growth, organized stability, tumors, and autoimmune and neurodegenerative disease (28, 29) . Since Kerr established this concept in 1972 (30) , the phenomenon of apoptosis has been extensively researched. Cell apoptosis is currently one of the most popular fields in life science research; however, the molecular and biochemical mechanisms of apoptosis have yet to be completely elucidated. The Bcl-2 and caspase protein families are of the most well-studied among the multitude of apoptosis-regulating genes (31) . The Bcl-2 family has two categories: Apoptosis inhibition and apoptosis promotion (32) . The Bcl-2 family proteins are important regulatory factors in response to apoptosis, and Bcl-2/Bax are well-established as the most important pair of function contradictory regulate genes in the process of apoptosis regulation (33) . Caspase-3 is an important apoptosis execution protease, and the association between Bcl-2, Bax and caspase-3 has become a principal focus in the study of apoptosis (34) . In the present study, the contribution of Bcl-2, Bax and active caspase-3 proteins to ISL-induced cell apoptosis was examined. The results demonstrated that ISL significantly induced cell apoptosis in A549 cells via the mitochondrial apoptosis pathway. The anticancer role of ISL in the progression of NSCLC will be investigated in animal models in further studies.
The anti-cancer mechanism of ISL has also been widely studied in recent years. ISL may cause glioma U87 cells to enter the S phase and G2/M checkpoint of the cell cycle by increasing P21/cyclin dependent kinase inhibitor 1A and P27 proteins (35) . In prostate cancer, ISL was demonstrated to downregulate the proliferation of DU145 cells through inhibition of AKT phosphorylation, ERB and PI3K/AKT signaling pathways (36) . Kang et al (37) demonstrated that ISL inhibits the formation of new blood vessels through blocking of the c-Jun N-terminal kinase and p38/MAPK signaling pathways, subsequently inhibiting the activation of matrix metalloproteinases. The PI3K/AKT signaling pathway and its downstream pathways have been demonstrated to serve essential roles in growth regulation of lung cancer. For example, docosahexaenoic acid induces cell death in human NSCLC cells by repressing mTOR via PI3K/AKT inhibition (38) . Plumbagin induces apoptotic and autophagic cell death through inhibition of the PI3K/Akt/mTOR pathway in human NSCLC cells (39) . However, the contribution of the PI3K/AKT signaling pathway to the anticancer effects of ISL in lung cancer has received relatively little attention. The present study demonstrated that ISL significantly reduced the expression of p-AKT, p-mTOR, and the downstream proteins P70 and Cyclin D1, suggesting that ISL inhibits the activation of the PI3K/AKT signaling pathway in A549 cells. Taken together, ISL induces growth inhibition and apoptosis through inhibiting the activation of the PI3K/AKT/mTOR signaling pathway in A549 lung cancer cells. It is suggested that the PI3K/AKT/mTOR signaling pathway serves an important role in IS -mediated A549 cell apoptosis.
In conclusion, the results of the present study demonstrate that ISL inhibits the proliferation, migration and invasion of A549 lung cancer cells and induces cell apoptosis, which may be associated with the downregulation of the PI3K/AKT/mTOR signaling pathway proteins, and the downstream proteins P70 and CyclinD1. And further studies should investigate ISL as a therapeutic agent for inhibiting the growth and metastasis of NSCLC.
